Smilax rotundifolia L. (Smilacaceae), the common greenbrier, is a woody, dioecious understory vine characterized by shiny, roundish, heart-shaped leaves, frequently four-sided stems, broad prickles, and black glaucous berries. It is a typical element of temperate and subtropical forests in eastern North America, where it is distributed extensively (Holmes, 2002) . Molecular markers such as microsatellites could examine its range-wide population genetic structure and possibly predict how historical processes (e.g., climate oscillations, habitat change, post-glacial migration) have shaped its current wide distribution in North America. Although microsatellite markers have been previously developed for S. aspera L. and S. sieboldii Miq. (Qi et al., 2017; Ru et al., 2017) , these showed low transferability (<30%) to S. rotundifolia. This may be because these species belong to three deeply divergent (ca. 40-25 mya) major clades of Smilacaceae: S. aspera in the Old World basal clade, S. sieboldii in the New World B clade, and S. rotundifolia in the New World A clade (Qi et al., 2013; Chen et al., 2014) . To further study the phylogeography of S. rotundifolia in North America, here we developed 33 new variable microsatellite markers based on transcriptome data. Moreover, to broadly test their transferability within the family, three congeneric species (S. china L. in the Old World D clade, S. riparia A. DC. in the Old World C clade, and S. walteri Pursh in the New World B clade) from three major clades of Smilacaceae were selected according to the phylogeny of Qi et al. (2013) .
on the Illumina HiSeq 4000 platform, yielding 150-bp paired-end reads. Before assembly, raw reads were filtered using Trimmomatic (Bolger et al., 2014) to remove adapter sequences, low-quality reads (>20% of nucleotides with Q value ≤ 10), and reads containing >10% ambiguous base calls. The raw sequencing data were submitted to the National Center for Biotechnology Information (NCBI; BioSample accession SAMN08329984). Transcriptome assembly was performed using Trinity version 2.5 with the default parameters (Grabherr et al., 2011) .
Development of SSR markers
A total of 88,962 contigs were prepared for simple sequence repeat (SSR) targeting and primer design using MIcroSAtellite Significant deviations from Hardy-Weinberg equilibrium: *P < 0.05, **P < 0.01, ***P < 0.001.
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identification tool (MISA; Thiel et al., 2003) . SSR searches were performed with motifs ranging from mono-to hexanucleotides, and 6153 primer pairs were designed using Primer3 software (Rozen and Skaletsky, 1999) with default settings. One hundred and thirty primer pairs were randomly chosen for preliminary testing using four samples (one individual per population) of S. rotundifolia to ensure the availability and optimal annealing temperature of each pair. A gradient PCR amplification was performed, with the reaction mixture containing 30 ng of genomic DNA, 5 μL of 2× Master Mix (Tsingke Biotech Co., Hangzhou, Zhejiang, China), 0.2 μM of forward and reverse primers, and ddH 2 O to reach a volume of 10 μL. The PCR procedure was run as follows: initial denaturation at 94°C for 5 min; followed by 30 cycles at 94°C for 45 s, a temperature gradient for annealing from 50°C to 65°C for 45 s, and 72°C for 1 min; and a final extension at 72°C for 5 min. Forty primer pairs with products showing a clear single band on agarose gel were selected for further tests of variation and transferability.
Polymorphism and transferability assessment
To screen polymorphisms for these 40 loci, we genotyped 96 individuals from four populations of S. rotundifolia using a two-step PCR amplification protocol (Schuelke, 2000; Sakaguchi and Ito, 2014) . In the first step, the PCR reaction was performed following the procedures described above, with the following exceptions: we used 0.1 μM of sequence-specific forward primer with an M13 tail at its 5′ end, 0.4 μM of sequence-specific reverse primer, and a 45 s annealing time, with the annealing temperature set to the optimal temperature of the specific primers used (see Table 1 ). In the second step, the products of the first step were used, with 5 μL of 2× Master Mix, another 0.8 μL (5 μM) of fluorophore-labeled universal M13 primer (FAM, ROX, HEX, or TAMRA), and additional ddH 2 O to reach a final volume of 20 μL. The PCR procedure was as follows: initial denaturation at 94°C for 3 min; 15 cycles at 94°C for 30 s, annealing at 53°C for 30 s, and 72°C for 45 s; and a final extension at 72°C for 10 min. PCR products were separated on an ABI PRISM 3730xl Genetic Analyzer with GeneScan 500 LIZ internal size standard (Applied Biosystems, Waltham, Massachusetts, USA). Geneious version 9.0.2 (Kearse et al., 2012) was applied to score genotypes. Finally, 33 polymorphic primer pairs were selected for transferability and further population genetic study (Table 1) . Number of alleles, observed and expected heterozygosity, polymorphism information content, and deviations from HardyWeinberg equilibrium were calculated and tested using CERVUS 3.0 (Kalinowski et al., 2007) . For each population of S. rotundifolia, the number of alleles ranged from two to 15, polymorphism information content ranged from 0.011 to 0.813, and the levels of observed and expected heterozygosity varied from 0.011 to 0.958 and 0.011 to 0.836, respectively. The Hardy-Weinberg equilibrium test indicated that three primer pairs deviated significantly from expected values (Table 2) . In cross-amplification tests, a 1.5% agarose gel was used to detect the transferability of each primer, and the observation of one clear distinct band in the expected size range was considered as successful amplification. The transferability rate of each species was 57.6% in S. riparia and S. china, and 69.7% in S. walteri. In total, 87.9% SSR primers were successfully crossamplified in at least one species (Table 3) .
CONCLUSIONS
In this study, we developed and characterized 33 polymorphic microsatellite markers that may prove useful in assessing genetic structure and gene flow across the geographic range of S. rotundifolia. The results of cross-amplification tests of these SSR primer pairs in three congeneric Smilax species suggests that these markers may also be useful for assessing genetic variation and genetic structure in other Smilax species. Note: N = number of individuals sampled.
